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A. ..Fm0C-PROTECTED PNA MONOMER UNIT 

B. ..B0C-PROTECTED PNA MONOMER UNIT 



(57) Abstract; Novel methods for synthesizing a functional PNA monomer unit and functional PNA oligomer which are for incor- 
^S, porating functional molecules in any desired positions direcdy or postsynthetically through linkers having various lengths undo- acid, 

alkaline, or neutral conditions even in the presence of a compound unstable in liquid nature; and a novel functional PNA monomer 
^ unit and a novel functional PNA oligomer. The functional PNA monomer unit is represented by the following general formula (1). 
W (In the formula, R represents hydrogen, a functional molecule, or a protective group; and n is an inte^r of 1 to 1 1.) 
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^ m $5; mw 




PCT/JP2003/014610 



H 



^MJStcHiJ; !3 r 5 /SdSjgiH^ttSOT?. Tr t - co - A A - » ° « P N A - 
OH-«^t B o c - a>-AA-^'»»«'PNA-OHi: KSIJUT^ffli-S i t *S 1? # 

(9) T r o c - 0) - A A-*"""" P N A- OH 
lihS 0} 




H 

fluPi^jcp NA*/N'-3-:^y hi b T H -g-^ 1^ J- ^ 2. » 10 
m^flK-eaS^fitjtCT roc S«rfltt^M-e# 5©7?, y sf-r-dSj^-g- L 

Cbz-a)-AA-•'"""PNA-OHi:^V^:^>^t5r4:^Sf^5o 



# ;t ^ lie (mm) 
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y^^m\^isif (I) <Dit'Btm\^is\-f :s> V >:fJ — (D-^^\t, n=l~ 
1 1 <0«Sffi-efctvfi<|#l::S!llS^? ^^^fcv^*s, n=l~5©t©«^ (I) ©-fb-e- 

TfoSo bfcdSoT, p*:5Sigo:>^felc j;tu«. =66 3fe IS 181 o iH jg o # ^ /j: 
ic, Sllii4PNA^y =f-^-Sr-a-^-r5 w 5. 
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litS 1} 




^•r 5 i: So «l#f-> Fmoc-a)-AA-*'»•■'PNA-OH«^ffiV^5 

J; t) A#:6<J!&^JH:. TIB i *5 t) fc 5 o if — ©t^Jttx tffiaT r t-o>-AA 
_F«ocp]^A_OHi: t Bo c-o>-AA-^""•"'PNA-OHS^fflV^^ 

o#A-rS«ajT'fe5o m — ©^Jtt» $6)fcTr o c-«b-AA-^»»"P 



# ^ ffi «s mm) 
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s 'boi6s»3in:-g-fife$*T,s, :i<D X ^ iiit^mn. mmm^^ i: V 

|^^spiSl;::*3{t S P N A. P N A * y — J: p n A ;^ U =?-v'- w K {4 , y 
- ^35 ^ ;lr * w 5!^ *3 J: TJ« / * F*3 tf ^> O t> -a * ^^ 5 « 

T- 5 . 

89IBm^<oatitt^^dS^A$ ttfe^b-a-J^^. «BJ;t«Koch, T. ; Hansen. H. F. 
; Andersen, P.; Larsen, T. ; Batz, H, G. : Otteson, K. ; Orum, H. J. Peptide 
Res. 1997, 49, 80-88. ^Spjffl b T/?ig $ 5 „ 

=i"-^'-'fb-r S i 5. y -SP^ttcfi, rtf JK© B o c - 7 - T 5; y^T' 

taiiPtfci: bX. rUMOF ITC. FAM, ROX. TAMRA*:feW:Pyren 
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<3D-t?ttJ5;v>, :^%m(D:^m^ciii^^t£, D a b c y l Jfe if ®^?i3«ci4^^® 

s, 

:fe^©dS^«lET?$>ofe*s; :::tu6>©i!E^<o:7'p -r/tt^tti/tlgS^iSttatfeSr^-t- 
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Naphtha limide^ Fla 
vin^ FAM^ Rhodamine^ TAMRA, ROX^ Pyrene*5j; 
tJ«Couma r i nedS^tffetb. tftm^&^^h UtttDabcyl, HAB 

A.NDI*3j;t)<Azo^ptfS;ni::ds-x?#5, 



(mmm i ) 

C5-''»"PNA-0HO-^j^ 
[ <b 5 4 1 




Boc-CB-OH (1.15 g, 4.5 mmol) i: '""PNA-OtBu (2.0 g, 5.0 mmol) O ^ f=- 
y^JJ^/^AT5 }fm^ (DMP; lO mL) KDCC (2.06 g, 10.0 mmol) ^Mx.XO "C t? 
2^M. ^ e>fc^m-Ci5B#[fflM#bfc„ SlS?0?Sr'5.ig=g^. ^ffiiS^b^o ^^ftSr 
S^y^^/WlS^AjJ'DT — (0-4% MeOH/CHgClj) JC# Boc-C5-'"'"P 

NA-OtBuSre&ie^^i: UTl. 16 g (42%) NMR (CDC13) 8 7.75 (brd. J 

= 7.2 Hz, 2 H). 7.59 (brd,' J = 6. 4 Hz, 2 H), 7.38 (brt, 2 H) , 7.29 (brt. 

2 H), 4.36 (ma) and 4.33 (mi) (brd. J = 6. 8 Hz, 2 H) , 4.19 (t. J = 6. 8 
Hz, 1 H), 3.94 (mi) and 3.90 (ma) (a, 2 H) , 3.53 (mi) and 3.48 (ma) (brs 



mm ^mm mMm) 
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, 2 H), 3.35 (brs, 2 H) , 3.08 (ma) and 3.04 (mi) (brs. 4 H) , 2.33 (ma) a 
nd 2.18 (ml) (brt. J = 7.2 Hz, 2 H) , 1.62 (m, 2 H) , 1.4? (brs, 9 H). 1.4 
2 (ma) and 1.41(mi) (s, 9 H) , 1.31 (m, 2 H). 

Boc-C5-''»"PNA-0tBu (250,0 mg, 0.41 mmol) Sr4 N HCI in dioxane (2 mL) 

/V* 7 A.^ a h 7 7 — (l0-30« MeOH/CHjClg) {^:#b^ CB-P^TNA-GH (48. 
Omg, 26%) «rj!fe^-fe«&5|c t LT#fc, »H NMR (CDC13) 6 7.71 (brd, J = 6. 8 Hz 
. 2 H), 7.54 (brd. J = 7.2 Hz. 2 H) . 7.30 (brt, 2 H), 7.22 (brt, J = 7. 2 

Hz, 2 H), 4.26 (ma) and 4.23 (mi) (brt, J = 6, 8 Hz, 2 H) , 4.10 (brt, 1 
H), 3.99 (ma) and 3.94 (mi) (s, 2 H), 3.40 (q, J = 6. 1 Hz, 2 H). 2.82 (m 
, 4 H), 2. 79 (mi) and 2.75 (ma) (d, J = 8. 7 Hz, 2 H). 2.34 (ma) and 2. 09 

(mi) (brt, J = 7. 6 Hz, 2 H), 1.6 - 1.3 (m, 4 H), 

(Ilifi^!l2) tBoc-GABA-^-'-PNA-GHO-a-^ 



[{b 5 5 1 




H 



mL)i:;!k(0.7 mL) (O jg-g-^r^ {CNaHCOa (74. 1 mg, 0.88 mmoDSriP 
tBoc-GABA-OPfp (200 mg, 0.54 mmol) t •'•""'PNA-OH (74.1 mg, 0.29 mmol) 

mmv. m.m.-vismmmwvft^ »if^vit i n m-^-t^mmio "o^ph 3. ot u 

. ^ h\Cl%^ 3^:^Wi7k^m (15 mL) ^*P^, (20 mL) T?j|6WU> W 

mm^mm^m.^ (15 mD -^mn^^i^tc^ mmm^m^mm-^ ^^^-t^^ j^x-^ 

^^0^2rlii^ bi^ y ■)] ^JV^ =7 J^^ XL-^ hfe(2-7% Me0H/CH2Clg)-XfJ|t®i b 
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^ fi^$&^ i: UTtBoo-GABA-''°"PNA-OH (71.0 mg, A6%)t:^tCo 'H-NMRCCDClj) 5 
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7.74 (brd, J = 5.3 Hz, 2 H) , 7.57 (brd. 2 H) , 7.38 (brt. 2 H) , 7.29 (br 
t, J = 5. 2 Hz, 2 H), 4.36 (ma) and 4.32 (mi) (brd, J = 6. 2 Hz, 2 H), 4.2 
3 (mi) and 4.19 (ma) (m, 1 H) , 4.07 (mi) and 4.03 (ma) (s, 2 H), 3.55 (m 
i) and 3.50 (ma) (brs, 2 H), 3. 36 (ma) and 3. 26 (mi) (brs, 2 H), 3.08 (m 
, 2 H). 2.41 (ma) and 2.27 (mi) (brt, 2 H) . 1.79 (m, 2 H), 1.41 (m, 9 H) 
: HRMS (FAB*) calcd for CjaHagNjO, [(M+H)*] 526.2553, observed 526.2546, 
tBoc-C5-''»»*PNA-0HO-g"JEig 



I^b 5 6 1 




T±h>U4.Z mL)i:7K(2.0 mL) <7> {CNaHC0,(221. 8 mg, 2.64 mmol) ^ 

*P;t^ tBoo-C5-0Pfp (454.6 mg, 1.14 mmol) '■••PNA-OH (300.0 mg, 0.88 mmol 

)Sr^^L, ^?aT?3B bfc, ^^-Ltzi N mm-Q^mio "ostph s.ot 

b> ^ a:.-^^:^^^ (45 ^1) ^Mx.. (60 mL) TttWb, 

^tS® Sr^fP:fe*i:|jc (45 mL) -Qm^t: l,fto %WiM^^:^mW^i^^.i^'C^A-T* 
n^^^. ^MSriSIS bi^ y :^ V/Ujtj M,^ n -=r h jSfe (2-7% MeOH/CHjClj) IfijtSSl 
L-. 6 O T ■=£• 7 r »^ — t L T tBoc-C5-''-"PNA-0H (242. 0 mg, 50%)^ 
ntto- •H-NMR(CDC1,) 5 7.75 (m, 2 H), 7.57 (m, 2 H) , 7.37 (m, 2 H) . 7.28 
(m, 2 H). 4.34 (ma) and 4.31 (mi) (brd, J = 6. 8 Hz, 2 H), 4.22 (mi) and 
4.18 (ma) (m, 1 H), 4.06 (mi) and 4.03 (ma) (s, 2 H) , 3.56 (mi) and 3.50 
(ma) (brs. 2 H) , 3.36 (m, 2 H). 3.01 (m, 4 H), 235 (ma) and 2.22 (mi) ( 
brt, 2 H), 1.61 (ma) and 1.60 (ml) (brq, 2 H) , 1.41 (m, 9 H) , 1.27 (ma) 
and 1.19 (mi) (brq, 2 H) : HRMS (FAB*) calcd for CjoH^NjO^ C(M+H)*] 554.28 
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66, observed 554. 2867o 
i^MM4) Nvoc-GABA-''»"PNA-0H©-6'^ 
[<b5 7 1 ■ 




H 

Nvoo-GABA-OH (150.0 mg, 0.44 mmol) PfpOH (96.8 mg, 0.53 minol)©DMF^ 
^(5 mUlCDCC (108.5 mg, 0.53 mmol) ^^K?&TilP ^ > ^ <D RJt-t^^^ 0°CX^30^1^ 

y/V* 7 A ^ n -r hfe (2% Acetone/CHgClj) lCj:»Ji^®lU, Nvoc-GABA-OPf p (2 
00.0 mg.- 90%)^^-^^^ t LX#fco NMR (CDCI3) 5 7.70 (s, 1 H), 7.00 
(s, 1 H), 5,51 (s, 2 H), 5.04 (m, 1 H), 3.97 and 3.95 (each s, 3 H) , 3.3 
6 (q, J = 6. 4 Hz, 2 H) , 2.75 (t, J = 7. 1 Hz, 2 H), 2.02 (t, J = 6. 9 Hz, 
9 H): HRUS (PAB^ calcd for CjoHjsNgOs [(M+H)^] 609.0983, observed 509.100 
2, 

T-fe h (4. 3 mL) tyk (0. 6 mL) O®-^^?Klc:NaHC03(62. 0 mg, 0. 74 mmol) SrAP 
X.H Nvoc-GABA-OPf p (150.0 mg, 0.30 mmol) i: "■"PNA-OH (83.7 mg, 0.25 mmol) 

tmm\^s ^?aT?3B Lfco ».^ht:. i n mwtt^mmio 'ostph s.ot l 

, 1^ :j^>Wt:^mm (45 mL) SrJUx., mWt^'f'/l- (60 mL) ^ 

mm^^m^U:^ (45 mL) -e«fe}^^ufc, mmm^MTkmm-^ ^^^i^^ j>>-vm. 

)!t ^m^t^mi^i^ V A ^)V-)3 7 A ^ n -7 h jfe (2-15% MeOH/CHsCl,)T?I^S!l 

Jlfeifi&5^4: LTNvoc-GABA-''""PNA-OH (242.0 mg, 50?l)S:#:feo *H NMR (CDC 

m^m^mwi mm) 
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13)5 8.05 and 7.29 (each s, 1 H) , 7. 69, 7.54, 7.35, and 7.26 (each brs, 
2 H), 5.45 (mi) and 5.41 (ma) (s, 2 H), 4.6-4.0 (m, 3 H), 4. 0 - 3. 7 ( 
m, 8 H). 3.55 (brs. 2 H) , 3.37 (ma) and 3.24 (mi) (brs, 2 H) , 3.09 (ma) 
and 3.03 (mi) (brs, 2 H), 2.47 (ma) and 2.33 (mi) (brs, 2 H) , 1.86 (ma) 
and 1.74 (mi) (brs. 2 H) : HRMS (FAB+) calcd for CsjHjjN^O,! C(M+H)*] 665.2 
459, observed 665. 2469o 
(HJfi^S) Nvoc-CS-'—PNA-OHO-a-^ 
I^b 5 8 I 




H 



C5_F»««pNA-0H (20 mg, 0.04 mmol) t NaHCOj (7.4 mg, 0.09 mmol) OtK^SK 
(1.5 mL) tCNvoc-Cl (24.3 mg, 0.09 mmol) ©dioxane^^ (1.5 mL) M T b 

. ^ia-eiB iw«£j*ufe. Rmmi:m.mmB. (ph 3.0 icu. tk (10 mL) tmm 
i^Eaas mm^-> v ^y/v:* ^7 ^-^ vif^^^^ (2.5-2056 MeOH/c 

HjCla) JC#L. Stfe!6&* i: b-CNvoc-C5-''»"PNA-0H (7,2 mg, 24%) IH N 

MR (CDClj) 6 7. 69, 7.52, 7. 33. and 7.25 (each brs, 2 H). 7.63 and 7.26 ( 
each s, 1 H). 6.92 (brs. 1 H). 5.43 (mi) and 5.36 (ma) (s. 2 H) , 4.29 (m 
a) and 4.17 (mi) (brs, 2 H) . 4.12 (mi) and 4.00 (ma) (m. 1 H) . 4.04 (mi) 
and 3.90 (ma) (brs, 6 H) , 3.87 (brs. 2 H) , 3.55 (mi) and 3.48 (ma) (brs 
, 2 H). 3.35 (ma) and 3.24 (mi) (brs, 2 H), 3.09 (ma) and 3.02 (mi) (brs 



wo 2004/046089 



PCT/JP2003/014610 



40 



, 4 H), 2.36 (ma) and 2.23 (mi) (brs, 2 H) , 1.60 (brs, 2 H) . 1.47 (mi) a 
nd 1.41 (ma) (m, 2 H). 1.31 (ma) and 1.26 (mi) (m, 2 H). 

iMMme) Fmoc-GABA-''"''PNA-OH<D-g-fig 

l-fk: 5 9 1 



T-feh>'(4. 8 mL) i5}c(0, 7 mL)©iS-a-SSKfCN8HC0a(74. 1 mg, 0.88 mmoDSriH 
Fmoc-GABA-OPfp (173.5 mg, 0.35 mmol) '■"PNA-OH (100. 0 mg, 0.29 mmol 

$ 6) lci%i>' 31 :^^7K^^ (45 mL) S:iP;t> St^^^/V (60 mL) TfttWU. 
^Wtm^mm-SiMTii. (45 mL) -egfei^SrUfc, ?^il/4c?KE®S-=5'^^^S^l? AT? 

|£i!ft$*^. ^IR^fe-SliBI b-^ y * ^ f^*'7 n-v hjfe(2-159l Me0H/CH2Clj)T?l|f 
MU. St&|&5|5i: LTNvoc-GABA-''°"PNA-OH (242.0 mg, 50%)«r#;fe, *H NMR (C 
DCI3) S 7.67, 7.49, 7.31. and 7.21 (each m, 4 H) , 4.28 (m, 4 H), 4.15 (m 
i) and 4.10 (ma) (m, 2 H) , 3.95 (ma) and 3.75 (mi) (brs. 2 H), 3.46 (mi) 

and 3.39 (ma) (brs, 2 H) , 3.30 (mi) and 3.25 (ma) (brs. 2 H) . 3.13 (mi) 

and 3.08 (ma) (brs, 2 H) , 2.35 (ma) and 2.21 (mi) (brs, 2 H) , 1.87 (mi) 

and 1.75 (ma) (brs, 2 H)o 

(^JteM7) Alloc-oj-AA-''"»"PNA-OH©'g-J^ 




N" 
H 
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I^b 6 0 1 




H 



AUoc-GABA-OH (243.3 mg, 1.3 mmol) t Pf pOH (239. 3 mg, 1.3 mmol)©T-fe 
h i^^^S? (2. 5 mL) fCDCC (206. 3 mg* 1. 0 mmol) Sr SK?&TiP ^ ^ iORJSflS^O'C 

iB-^bs NaHC03(112. 5 mg, 1.3 mmoD^M^^ """PNA-OH (252.2 mg, 0.67 mmol 

L. zi^l^^jicmm (40 mL) Sr^JP^, i^g^n^^/V (50 mL) 

mmm^^^-esi^Tk uo mLxs) -^^^^trvfto ^mmt:mjkmm-^^^-yt7J>^ 

-Cn^^"^. mWL^mmX^'y )} * ^A':fj ^7 J>^^ n-^ hfe(l-15% MeGH/CH^Clj) 
ffiSfb^ b-rAlloc-GABA-'"»"PNA-OH (200.3 mg, 59%)^#fc„ 'H N 

MR (CDClj) fi 7.69 (brs, 2 H) , 7.52 (brs, 2 H), 7.33 (brt, 2 H) , 7.24 (br 
t, 2 H), 5,78 (m, 1 H) , 5.1 (m, 2 H) , 4.6-4.4 (m. 3 H) , 4.29 (m^) and 4. 
13 (mi) (s, 2 H), 3.94 (m, 2 H) , 3.55-3.35 (m, 2 H) , 3.26 (m, 2 H), 3.07 

(m, 2 H), 2.86 (m, 2 H) , 2.35 (ma) and 2.23 (mi) (brs, 2 H) , 1.90 (mi) 
and 1.74 (ma) (brs, 2 H). 

(HJfi^JS) Cbz-GABA-'-^PNA-OH^-a-fife 
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lite i\ 




H 



T±hX4:.8 mL)i::?k(0. 7 mL) (D -g"^?^ i^lNaHCGs (74. 1 mg, 0. 88 mmpl) ^ JP 
X.X Cbz-GABA-OPfp (177.9 mg, 0.44 mmol) "'"PNA-OH (100.0 mg, 0.29 mmol) 

^ ^ s^i^mTizmm (45 mD «rijp^, ffsicnf^/i. (eo mD Tfttwu. m 

mm^^^-^^:^ (45 mU •T?^ft^f^^Sr Ufco ^^Ji iSr ^i/tKa^"^ A X'g; ■ 

JlS^-a:. ^^K^^SSUi/y ^ ^ h&(2-15?4 MeOH/CH2Clj)-eiitSi 

Ux &-fe!6&5!c LTCbz-GABA-''»"PNA-OH (81.1 mg, 50?t)Sr#fc.o NMR (CDCl,) 
S 7.73 (brs, 2 H), 7,55 (brs, 2 H), 7.35 (brt, 2 H) , 7.28 (brt, 2 H). 7 
.26 (s, 5 H), 5.03 (ml) and 5.00 (ma) (s, 2 H) . 4.4-4.1 (m, 3 H) , 3.96 

(m, 2 H), 3.41 (ma) and 3.31 (mi) (brs, 2 H) , 3.27 (ma) and 3.16 (mi) ( 
brs, 2 H), 3.11 (ma) and 3.05 (mi) (brs, 2 H) , 2.36 (ma) and 2.23 (mi) ( 
brs, 2 H), 1.86 (mi) and 1.78 (ma) (brs, 9 H), 

(IIJ£M9) Troc-GABA-''»"PNA-OH©-a-^ 
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[<k;6 2 1 




Troc-GABA-OH (150.0 mg, 0.44 mmol) i: Pf pOH (96.8 mg. 0.53 mmol) 05DMF|§ 
1^(5 mDlCDCC (108. 5 mg, 0. 53 mmol) JjC ?&T*P X. ^ ^1 <0 ^Jt^^^OX^-^SO^^ 

vN-^^ffiT?i8i^iii]^#ufeo ^ifefssrjfiiiu. w.m^i^mmmi^. mm^i^v :fj 

y/V;* 9 A ^ o hjfe (2% Acetone/CHjClj) J; O iNJ S U > Troc-GABA-OPf p (2 
00.0 mg, 90%)^&-&^mt \^Xntic 'H NMR (CDC13) 5 5. 05 (brs, 1 H) , 4.6 
7 (s. 2 H), 3.32 (q. J = 6. 4 Hz, 2 H) , 2.69 (t, J = 7. 1 Hz, 2 H), 1.97 ( 
m, 2 H)o 

T-fe h (4. O' mL) i: zK (0. 5 mL) ©}!B'&-|§E^tJ:NaHC03(62. 0 mg, 0.74 mmol) Sr An 
Troc-GABA-OPf p (133.4 mg, 0.30 mmol) i: """PNA-OH (56.5 mg, 0.25 mmol) 

't^mv. ^m-t?3B iwsii^ bfc. 7K?& Lfc 1 N mm-r^mm(o 'o^itph 3.oi: l 

. ^ J^l^Wt:i(.mm (45 mL) SriPx.. ff^Hai^^/V (60 mL) T?JftWU^ ^ 

mmi:Mfa±&^ (45 mL) -egfetl^^ Lfe, :fr«IMSrli7K«m-^^^'>e' A-eS£ 

i^lS-^. ^TRSri^iHI U^- y * -J^/V;* y hm (2-15% MeOH/CH2Clj)-eMSa 

i: b-CTroc-GABA-P"»''PNA-OH (46.1 mg, 3154)Sr#fco 'H NMR (CDCI3 
)S 7.70, 7.52, 7.34, and 7.24 (each m, 2 H) , 4.64 (mi) and 4.61 (ma) (b 
rs, 2 H), 4.31 (m, 2 H), 4.13 (m, 1 H), 4.2-3.9 (m, 2 H) , 3.45 (ma) and 
3.42 (mi) (brs. 2 H), 3.27 (ma) and 3.16 (mi) (brs, 2 H) , 3.11 (mi) and 
3,06 (ma) (brs, 2 H), 2.38 (ma) and 2,25 (mi) (brs, 2 H) , 1.77 (mi) and 
1.68 (ma) (brs, 2 H). 
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-&i^3is*)oT*>, h-a-^wi-. mm (ommm^^^ Willis: (oitWii^ 

A^y-^-^^y h*3J:tJ5;^|gttP N A;^-y =i'-r — ASfift $ tt 5 . bfciSoT. 
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IS * . CO ®s m 

1 . TI2-«g^ ( I ) : 

nhR 




H 



FITCv Naphtha 1 imide^ Flavin, FAM, Rhodam 
ine, TAMRA, ROX, Pyrene*5j;tJ«doumarineT?S>!3x 
%m^B^^i>iD abcyl, HABAs NDI^^fiAzo-^feS, fltflSft* 

5 . R s 



# ^ ffi ^ (^y26) 




6 . Tia-is^ ( I ) : 

1^3} 




H 

. RttH, t88lltt5>^*fetti5jiS!SSr^L. n fi l ~ l 1 «-^©SlfcS:^ 
t-c ) -e^^JtS^b-^ifeSrSijt-rsfcfe^^^feTrfcoT. TISI@a) ~c) (D 

a ) Tia-«g^ (II) 

Kb 4 1 



Fmocvi 




H 
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b ) TIB-^^ (III) 
I it 5] 

nhR 

H 

c ) TIB— jiasS: (IV) 



IYb6 1 

nhR 




P (IV) 



(^tf. RttH. mmm^^^fttt^mmt^i.^ nf±i~i i *-eoiiigcs-s 

i-o ) •T?^^ti.5'fb-a-4fei^s Tia-^S: (v) 



H 

7. mtitiP N A;^y =f^«-^®{iii-5;fc«>©;^,£T?ih>o-C. TIB-iKSC (I) 



M # ;i ^ «ft (.mm) 
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nhR 
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